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Summary
Background:  Acetabular  retroversion,  excessive  acetabular  coverage  and  abnormal  head-neck-
junction with  a  so-called  ‘‘pistol-grip-deformity’’  were  added  to  the  classical  description  of  hip
dysplasia to  describe  pathological  hip  morphology.  The  aim  of  the  current  study  was  the  detec-
tion of  pathological  acetabular  geometry  in  patients  with  an  abnormal  head-neck-junction.
Hypothesis:  Femoroacetabular  impingement  and  hip  dysplasia  features  are  frequent  in  patients
with end-stage  osteoarthritis  before  60  years  of  age.
Materials  and  methods:  We  analysed  our  data  bank  retrospectively  for  all  patients  who  received
a Total  Hip  Arthroplasty  (THA)  due  to  end-stage  osteoarthritis  before  the  age  of  60  years.
The pelvic-views  and  the  Dunn-view  of  these  patients  were  screened  for  an  abnormal  head-
neck-junction  by  measuring  the  head-ratio  and  the  alpha-angle.  An  orthopaedic  surgeon  and  a
radiologist  did  this  independently.  These  radiographies  were  measured  for  signs  of  acetabular
dysplasia,  excessive  acetabular  coverage  and  crossing  sign.
Results:  A  consecutive  series  of  135  total  hip  arthroplasties  were  performed  in  patients  aged
less or  equal  to  60  years  because  of  end-stage  osteoarthritis.  From  these,  81  patients  were
classiﬁed as  having  an  abnormal  head-neck-junction.  The  mean  head-ratio  in  these  81  patients
was 1.52  ±  0.35,  the  mean  alpha-angle  was  62.5◦ ±  9.3◦.  The  mean  CE-angle  of  these  81
patients was  35.8◦ ±  10.4◦,  the  mean  CA-angle  was  36.7◦ ±  5.7◦,  the  mean  depth-width  ratio  was
49.1 ±  10,  the  mean  extrusion  index  was  19.1  ±  9.2  and  the  mean  CCD-angle  was  131.7◦ ±  7.3◦.
Of these  81hips,  14  had  isolated  pistol-grip-deformity,  while  11  hips  had  associated  dyspla-
sia, 38  had  excessive  acetabular  coverage,  and  14  had  crossing  sign.  In  addition,  a  crossing
sign was  identiﬁed  in  four  of  the  11  dysplastic  hips  and  19  of  the  38  of  the  hips  having  exces-
sive acetabular  coverage.  There  was  no  statistically  signiﬁcant  difference  in  regard  to  the
age between  the  four  groups  (P  =  0.087).  In  contrast,  the  hips  that  had  excessive  acetabular
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coverage  had  increased  CE-angle  (44.6◦ ±  7.2◦)  and  decreased  extrusion  index  (12.6  ±  6.5)
(P <  0.001),  while  dysplastic  hips  had  increased  roof  obliquity  (17.5◦ ±  4.5◦)  and  increased  extru-
sion index  (29.6  ±  9.1),  as  well  as  decreased  CE-angle  (20.7◦ ±  3.0◦)  (P  <  0.001).
Conclusion:  There  is  a  high  coincidence  of  radiographic  ﬁndings  associated  with  an  abnormal
head-neck-junction  consisting  in  excessive  acetabular  coverage  and  retroversion  as  well  as  hip
dysplasia. These  results  advocate  for  restoring  of  the  normal  anatomy  at  the  early  stage  to
prevent end-stage  osteoarthritis.
Level  of  evidence:  Level  IV  retrospective  historical  study.
© 2012  Elsevier  Masson  SAS.  All  rights  reserved.
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he  reasons  for  the  development  of  end-stage  osteoarthritis
f  the  hip  are  manifold.  Biochemical,  genetic  and  acquired
bnormalities  seem  to  be  involved  [1—4].
Terms  like  acetabular  retroversion,  excessive  acetab-
lar  coverage  and  abnormal  head-neck-junction  with  the
‘pistol-grip-deformity’’  [5—8]  were  added  to  the  classical
escription  of  hip  deformity  with  an  increased  CE-  and  CA-
ngles  as  well  as  acetabular  index  angle  [9].  These  changes
n  the  acetabular  geometry  and  the  head-neck-junction  lead
o  the  femoroacetabular  impingement  (FAI),  which  has  been
dentiﬁed  as  a  main  cause  for  hip  pain  and  progressive
egenerative  changes  leading  to  early  osteoarthritis  of  the
ip  [7,10—12].
Acetabular  retroversion  and  an  excessive  acetabular  cov-
rage  with  a  pathological  contact  between  the  acetabular
im  and  the  femoral  neck  leads  to  the  pincer-impingement.
he  ‘‘cam-impingement’’  is  caused  by  an  abnormal  head-
eck-junction,  which  leads  to  repetitive  damage  to  the
artilage  in  the  area  of  the  antero-superior  rim  [5—12]. The
iagnosis  of  these  two  kinds  of  femoroacetabular  impinge-
ent  should  be  based  on  detailed  physical  examination  and
ppropriate  imaging  studies.
Recent  studies  already  described  lateral  radiographs  like
ross-table  or  Dunn-view  as  best  for  the  detection  of  cam-
mpingement  [13—16]. For  the  three-dimensional  structural
hange,  two  radiographic  plans  are  needed  to  detect  this
ind  of  deformity  and  to  describe  the  severity  [17,18].
Many  radiographic  criteria  on  pelvic-views  have  also
een  established  to  detect  classical  dysplasia,  excessive
cetabular  coverage  or  acetabular  retroversion  [19—24].
he  head-ratio  and  the  alpha-angle  have  previously  been
escribed  as  reliable  for  the  detection  of  an  abnor-
al  head-neck-junction  such  as  ‘‘pistol-grip-deformity’’
10,12,16,18].  Former  studies  have  focused  on  the  inﬂuence
f  a  pathological  head-neck-junction  and  the  development
f  osteoarthritis  of  the  hip,  but  no  previous  study  assessed
he  coincidence  of  femoral-acetabular  and  pathological  hip
orphology  in  patients  with  a  ‘‘pistol-grip-deformity’’  on
lain  radiographs.
The  aim  of  the  current  study  was  the  detection
f  pathological  acetabular  geometry  in  patients  with
‘pistol-grip-deformity’’.  We  tested  the  hypothesis  that
emoroacetabular  and  pathological  hip  morphology  are  fre-
uent  in  patients  with  end-stage  osteoarthritis  before  60
ears  of  age.
c
t
c
aaterial and methods
atients
e  analysed  our  data  bank  retrospectively  for  all  patients
ho  received  a  Total  Hip  Arthroplasty  (THA)  due  to  end-
tage  osteoarthritis  before  the  age  of  60  years  in  the  period
etween  1st  January  2006  and  31st  December  2010.
All  patients  had  a  digital  pelvic-view  and  Dunn-view  of
he  affected  hip  joint  as  part  of  the  routine  preoperative
reparations.  These  x-rays  were  taken  using  a  standard-
zed  technique  with  the  beam  focused  on  the  symphysis.  All
elvic  radiographs  included  in  this  study  were  supine  with-
ut  any  pelvic  rotation  as  the  distance  between  the  tip  of  the
occyx  and  the  middle  of  the  symphysis  was  32  mm  for  men
nd  47  mm  for  women  [5]  and  the  teardrop  sign  appeared
ymmetrical.  The  Dunn-view  was  taken  with  the  hip  in  90◦
f  ﬂexion,  20—45◦ of  abduction  and  neutral  rotation  [25].
ethods
he  pelvic-views  and  the  corresponding  Dunn-view  of  these
atients  were  screened  for  ‘‘pistol-grip-deformity’’  by
easuring  head-ratio  on  pelvic-views  (Fig.  1)  and  the  alpha-
ngle  on  Dunn-views  (Fig.  2).  An  alpha-angle  greater  than
1◦ and/or  a  head-ratio  greater  than  1.16  were  considered
s  pathological  [16,18,19]. This  was  done  independently  by
n  orthopaedic  surgeon  experienced  in  hip  surgery  and  a
adiologist  at  the  end  of  his  fellowship.
In  a  second  step,  the  radiographic  pictures  were  mea-
ured  for  signs  of  acetabular  dysplasia,  excessive  acetabular
overage  (Figs.  3  and  4)  and  acetabular  retroversion  by
creening  for  a  crossing  sign  and  classiﬁed  if  at  least  one
adiographic  sign  was  pathological.
tatistical  analysis
he  statistical  software  package  R  version  2.13.1  (R
oundation  for  Statistical  Computing,  Vienna,  Austria)
nd  SPSS  version  19  were  used  for  the  statistical  anal-
sis.  Data  are  presented  as  mean  ±  standard  deviation
minimum—maximum)  or  as  absolute  and  relative  frequen-
ies.  To  test  for  gender-related  differences  the  two-sample
 test  or  the  Mann-Whitney  U  test  were  used.  Pearson
orrelation  coefﬁcients  were  calculated  to  evaluate  an
ssociation  between  different  radiographic  ﬁndings.  The
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Figure  1  The  head-ratio  is  measured  on  antero-posterior
radiographs  (pelvic-views)  in  the  technique  ﬁrst  described  by
Murray et  al.  [12]. A  line  (A)  was  drawn  from  the  superior  and
lateral  edge  of  the  greater  trochanter  to  the  most  prominent
edge  of  the  lesser  trochanter.  The  mid-point  of  this  line  was
marked.  A  second  line  (B)  through  the  narrowest  portion  of  the
femoral neck  was  then  plotted  and  the  mid-point  was  marked.
A line  (C)  joining  these  two  points  was  extended  proximally  to
divide the  femoral  head.  The  greatest  width  on  the  lateral  side
Figure  2  The  alpha-angle  was  measured  on  axial  views  as  ﬁrst
described  by  Nötzli  et  al.  [10]. A  circle  of  best  ﬁt  was  placed
over the  outline  of  the  femoral  head.  A  line  was  then  drawn
from the  centre  of  this  circle  to  the  ﬁrst  point  of  the  femoral
head-neck-junction,  which  is  outside  the  circle.  A  second  line
was drawn  from  the  centre  of  the  circle  through  the  middle
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sof this  line  (a)  was  divided  into  the  greatest  width  on  the  medial
side of  this  line  (b)  to  create  a  coefﬁcient  (b/a)  designated  as
the femoral  head-ratio.
Kruskal-Wallis  test  was  used  to  compare  the  four  different
groups  in  regard  to  age  and  radiographic  ﬁndings.
Inter-observer  agreement  for  continuous  data  was
determined  using  Bland-Altman  plots  with  95%  limits  of
agreement,  to  evaluate  the  inter-observer  reliability  of  the
different  radiographic  ﬁndings  for  FAI  and  dysplasia.  This
plot  offers  a  graphical  method  to  compare  the  measure-
ments  of  two  readers:  the  differences  between  the  two
readers  on  the  same  subject  (value  reader  1  —  value  reader
2)  are  plotted  against  their  average  ([value  reader  1  +  value
reader  2]/2).  The  horizontal  lines  indicate  the  mean  dif-
ference  and  the  limits  of  agreement,  within  95%  of  the
differences.  If  the  bias  is  close  to  zero  and  the  limits  of
agreement  are  narrow,  the  measurements  of  the  two  read-
ers  demonstrate  a  good  inter-rater  reliability  [22,23].  All
analyses  were  performed  using  a  two-sided  0.05  level  of
signiﬁcance.
Results
Two  hundred  and  twenty-eight  total  hip  arthroplasties  in
patients  aged  less  or  equal  to  60  years  were  performed  dur-
ing  the  observation  period.  One  hundred  and  thirty-ﬁve  of
these  patients  received  a  THA  because  of  clinical  and  radio-
graphic  signs  of  end-stage  osteoarthritis  of  the  hip.
Eighty-one  (36%)  of  these  patients  were  classiﬁed  as
having  a  ‘‘pistol-grip-deformity’’  because  of  a  pathological
t
s
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cxis of  the  femoral  neck.  The  angle  created  by  these  two  lines
s called  the  ‘‘alpha-angle’’.
lpha-angle  and/or  head-ratio.  Fifty-three  were  male  and
8  were  female.  The  demographic  data  of  the  different
roups  is  detailed  in  Table  1.  No  statistical  signiﬁcant
ender-related  difference  was  seen  in  age  (P  =  0.982),  CE-
ngle  (P  =  0.173),  CA-angle  (P  =  0.720),  depth-to-with  ratio
P  =  0.146)  and  extrusion  index  (P  =  0.96)  between  male  and
emale  patients.  A  statistical  signiﬁcant  difference  was  seen
etween  male  and  female,  these  last  having  larger  roof
bliquity  (P  =  0.032)  and  CCD-angle  (P  =  0.019),  and  smaller
ead-ratio  (P  =  0.007)  and  alpha-angle  (P  =  0.001)  (Table  1).
The  statistical  correlations  of  the  different  radiographic
ndings  are  shown  in  Table  2.
Of  these  81  patients  with  pistol-grip-deformity,  18
22.2%)  patients  demonstrated  no  other  pathological  radio-
raphic  ﬁnding  than  a  pathological  head-ratio  and/or
lpha-angle  (entitled  the  ‘‘pistol-grip  deformity’’  group),  11
13.6%)  patients  presented  with  at  least  one  radiographic
nding  for  hip  dysplasia  (entitled  the  ‘‘pistol-grip  defor-
ity  and  dysplasia’’  group),  38  (46.9%)  patients  presented
t  least  one  radiographic  ﬁnding  for  excessive  acetabular
overage  (entitled  the  ‘‘pistol-grip-deformity  and  excessive
cetabular  coverage’’  group),  14  patients  (17,3%)  presented
o  other  acetabular  anomaly  than  a  crossing  sign  as  note
or  acetabular  retroversion  (entitled  ‘‘pistol-grip-deformity
nd  crossing  sign’’  group).  The  demographic  data  of  these
our  groups  are  presented  in  Table  3.  In  addition,  a  crossing
ign  was  identiﬁed  in  four  of  the  11  dysplastic  hips  and  19  of
he  38  of  the  hips  having  excessive  acetabular  coverage  (in
ummary,  37  hips  had  a  crossing  sign  when  considering  the
3  hips  and  the  14  hips  from  the  ‘‘pistol-grip-deformity  and
rossing  sign’’  group).
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Table  1  Gender  differentiation  (Mean  ±  standard  deviation  [Minimum—Maximum])  form  the  81  patients  that  demonstrated
pistol-grip-deformity.
All  patients  Male  Female  Signiﬁcance
gender-related
differences  (P)
n  81  53  28
Age 50.1  ±  6.1
(24—59)
50.1  ±  5.7
(39—59)
50.0  ±  6.9
(24—59)
NS
Head-ratio 1.52  ±  0.35
(1.0—2.7)
1.59  ±  0.81
(1.1—2.7)
1.36  ±  0.62
(0.98—2.2)
0.007
Alpha-angle 62.5◦ ±  9.3◦
(43◦—82◦)
64◦ ±  17◦
(48◦—82◦)
58.4◦ ±  17.5◦
(43◦—78◦)
0.001
CE-angle 35.8◦ ±  10.4◦
(14◦—66◦)
36.9◦ ±  18.0◦
(18◦—54◦)
34.1◦ ±  26.2◦
(14◦—66◦)
NS
CA-angle 36.7◦ ±  5.7◦
(23◦—59◦)
36.8◦ ±  16.8◦
(26◦—59◦)
36.2◦ ±  12.5◦
(23◦—48◦)
NS
Depth-width  ratio  49.1  ±  10
(26—80)
47.8  ±  26
(26—77.8)
52.3  ±  20.5
(40—80)
NS
Extrusion index  19.1  ±  9.2
(0—40)
19.0  ±  20
(0—40)
10  ±  18.5
(0—37)
NS
CCD-angle 131.7◦ ±  7.3◦
(116◦—158◦)
130.2◦ ±  14.5◦
(116◦—145◦)
134◦ ±  17.5◦
(124◦—158◦)
0.019
Roof obliquity 8.62◦ ±  5.17◦
(2—26)
7.72◦ ±  12.5◦
(2—26)
10.02◦ ±  9.5◦
(2—21)
0.032
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rl: left side; r: right side; CCD: caput-collum-diaphyseal angle.
There  was  no  statistically  signiﬁcant  difference  in  regard
o  the  age  between  the  four  groups  (P  =  0.087).  Pairwise
omparisons  showed  the  largest  difference  between  the
‘pistol-grip-deformity/dysplasia-group’’  and  ‘‘pistol-grip-
eformity/crossing  sign’’  group  (53.5  ±  4.1  vs.  48.2  ±  5.1).
he  values  of  the  ‘‘pistol-grip-deformity’’  and  ‘‘pistol-grip-
eformity/overcaverage’’  group  lay  in  between  (50.0  ±  6.8
nd  49.8  ±  5.8)  (Fig.  5).  In  contrast,  the  hips  that  had
xcessive  acetabular  coverage  had  increased  CE-angle
44.6◦ ±  7.2◦)  and  decreased  extrusion  index  (12.6  ±  6.5)
P  <  0.001),  while  dysplastic  hips  had  increased  roof  obliquity
17.5◦ ±  4.5◦)  (P  <  0.001).
The  Bland-Altmann  plot  for  testing  inter-observer  reli-
bility  of  the  different  measurements  is  shown  in  Fig.  6.
hese  plots  demonstrated  a  very  good  reliability  for  all
adiographic  measurements  as  there  was  only  a  small  spread
round  the  bias.
iscussion
wo  different  kinds  of  FAI  have  been  detected  as  a  main  rea-
on  for  the  development  of  OA  in  young  adults.  The  reasons
or  the  so-called  pincer-impingement  could  be  found  in  the
cetabular  geometry  with  excessive  acetabular  coverage  or
cetabular  retroversion.  The  so-called  cam-impingement  is
aused  by  an  abnormal  head-neck-junction  with  a  repet-
tive  pathological  contact  in  the  region  of  the  superior
cetabular  rim,  which  leads  to  continuous  damage  to  the
abrum  [5—12]. The  current  study  suggests  that  a mixed-
ype  FAI  with  radiographic  signs  of  femoroacetabular  and  hip
ysplasia  features  are  frequent  in  patients  with  end-stage
steoarthritis  before  60  years  of  age.
n
d
oThe current  study  has  several  limitations.  Firstly  we  mea-
ured  the  x-rays  of  patients  with  end-stage  osteoarthritis
herefore  the  results  could  be  inﬂuenced  by  degenera-
ive  changes  such  as  osteophytes.  The  evaluation  of  the
-rays  before  the  development  of  end-stage  osteoarthritis
ight  have  demonstrated  other  results.  On  the  other  hand,
revious  study  already  demonstrated  that  pathological  hip
orphology  predates  osteoarthritis  and  is  not  secondary  to
he  osteoarthritic  process  [25,34—36].  Secondly  we  did  not
erform  CT-scans  to  measure  the  deformity  more  accurately.
he  use  of  other  radiographic  parameters  for  detection  of
AI  or  a  CT-scan  might  have  given  different  results.
Several  authors  have  shown  that  a  pathological  head-
eck-junction  is  not  associated  with  risk  factors  or  secondary
o  degenerative  changes.  They  suggested  that  a  mild,  unrec-
gnized  slipped  epiphysis  during  growth  leads  to  that  kind
f  deformity.  The  resulting  ‘‘posterior  head  tilt’’  has  been
ell  established  as  pre-arthritic  deformation  and  the  criti-
al  point  of  the  head-ratio  of  1.35  was  deﬁned  at  which  a
‘pistol-grip-deformity’’  should  be  suspected  [12,26,37].  In
ddition,  former  studies  have  established  standard  values
or  alpha-angle  and  head-ratio  to  distinguish  normal  from
athological  shapes  [16,18].  Ipach  et  al.  [18]  suggested  the
ritical  ratio  to  be  at  a  value  of  1.16  and  Barton  et  al.
16]  tuned  the  pathological  values  for  the  alpha-angle  at
1◦. Our  pathological  value  may  drive  the  current  study
o  underestimate  ‘‘pistol-grip-deformities’’  that  would  be
etter  recognized  using  a  higher  alpha-angle  or  head-neck
atio.Stulberg  at  al.  [26]  described  an  abnormal  head-
eck-junction  and  labelled  this  deformity  ‘‘pistol-grip-
eformity’’  according  to  the  radiographic  picture  it  presents
n  pelvic-views.  This  kind  of  abnormal  head-neck-junction
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Table  2  Correlation  between  the  different  radiographic  ﬁndings  for  ‘‘pistol-grip-deformity’’,  dysplasia  and  excessive  coverage.
CEA CA-angle Depth-to
width
Extrusion Roof
obliquity
CCD Head-ratio Alpha-angle
CE-angle Correlation  according  to  Pearson  signiﬁcance(2-sided) 1
CA-angle Correlation  according  to  Pearson  signiﬁcance
(2-sided)
—.363c 1
.001
Deph-to  width Correlation  according  to  Pearson  signiﬁcance
(2-sided)
.365c —.189  1
.001a .092
Extrusion Correlation  according  to  Pearson  signiﬁcance
(2-sided)
—.718a .399c —.475b 1
.000a .000  .000
Roof obliquity Correlation  according  to  Pearson  signiﬁcance
(2-sided)
—.609b .235c —.238c .554b
.000a .034 .032 .000a
CCD Correlation  according  to  Pearson  signiﬁcance
(2-sided)
—.029  —.005  —.093  —.028  .020 1
.798 .968 .409 .804 .861
Head-ratio Correlation according  to  Pearson  signiﬁcance
(2-sided)
.028  —.130  .046  .063  —.159  .085  1
.802 .246 .684  .576  .157  .448
Alpha-angle Correlation according  to  Pearson  signiﬁcance
(2-sided)
.093  —.039  —.112  .098  —.051  —.283c .412b 1
.407 .728  .319  .385  .652  .010  .000
CCD: caput-collum-diaphyseal angle.
a High correlation.
b Moderate correlation.
c Weak correlation.
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Table  3  Demographic  data  of  the  different  groups  (Mean  ±  standard  deviation  [Minimum—Maximum])  from  the  81  that  demonstrated  pistol-grip-deformity.
‘‘Pistol-grip-deformity’’
and  ‘‘Dysplasia’’  (n  =  11)
‘‘Pistol-grip-deformity’’  and
excessive  acetabular
coverage  (n  =  38)
‘‘Pistol-grip-deformity’’
and  crossing  sign  (n  =  14)
‘‘Pistol-grip-deformity’’
(n  =  18)
Signiﬁcant  difference
between  the  groups  (P)
Normal  value
Age  53.5  ±  4.1
(46—58)
50.0  ±  6.8
(24—59)
48.2  ±  5.1
(41—56)
49.8  ±  5.8
(39—59)
0.087
Sex f:  7,  m:  4  f:  10,  m:  28  f:  4,  m:  10  f:  7,  m:  11  0.1
Side l:  6  r:  5  l:  23  r:  15  l:  7  r:  7  l:  8  r:  10
CE-angle 20.7◦ ±  3.0◦
(14◦—24◦)
44.6◦ ±  7.2◦
(36◦—66◦)
32.1◦ ±  2.6◦
(25◦—35◦)
29.4◦ ±  3.1◦
(25◦—35◦)
<  0.001  25—35◦
Depth-to-width
ratio
44.4  ±  8.3
(26—55.6)
52.4  ±  11.1
(35—80)
45.5  ±  7.6
(37—65)
47.7  ±  7.8
(34—61)
0.048  >  40
Extrusion index  29.6  ±  9.1
(12.5—40)
12.6  ±  6.5
(0—23)
22.6  ±  4.3
(17—33)
23.7  ±  6.9
(10—35)
<  0.001  10—25
Roof obliquity  17.5◦ ±  4.5◦
(12◦—26◦)
5.7◦ ±  2.3◦
(2—11)
7.5◦ ±  3.5◦
(3—17)
10.3◦ ±  4.4◦
(2◦—22◦)
<  0.001  0◦—10◦
CCD-angle  134◦ ±  13◦
(116◦—158◦)
132◦ ±  7
(119◦—145◦)
131◦ ±  5
(122◦—139◦)
131◦ ±  6◦
(121◦—145◦)
0.947  120◦—140◦
Positive  crossing-
sing
4  19  14  0
Patients have been included in ‘‘overcoverage’’ group or ‘‘dysplasia’’ group if at least one radiographic ﬁnding was pathological.
A statistical signiﬁcant difference between the three groups was seen for CE-angle, depth-to-width ratio, extrusion index and roof obliquity.
CCD: caput-collum-diaphyseal angle; f: female; m:  male; l: left side; r: right side.
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Figure  3  a:  CE-angle:  the  lateral  centre-edge-angle  is  formed
by a  line  joining  the  centre  of  the  femoral  head  with  most  lateral
edge of  the  acetabulum  and  a  vertical  line  through  the  centre
of the  femoral  head.  Values  less  than  25◦ were  considered  to
be dysplastic,  values  greater  than  35◦ as  signs  for  FAI  with  over-
coverage  [18,26,27];  b:  roof  obliquity:  this  angle  is  formed  by  a
line drawn  parallel  to  the  weight  bearing  surface  and  a  second,
horizontal  line.  An  acetabular  index  angle  greater  than  10◦ was
considered  as  dysplastic  and  an  angle  less  than  0◦ as  a  sign  for  FAI
[18,26,27]; c:  extrusion  index:  this  index  describes  the  ratio  of
the non-covered  femoral  head/diameter  of  the  whole  femoral
head.  Three  vertical  lines  are  drawn  through  the  medial/lateral
edge of  the  femoral  head  and  through  the  most  lateral  edge  of
the acetabulum.  The  ratio  of  the  distance  between  these  lines
(X/Y) is  multiplied  by  100.  A  value  greater  than  25  was  consid-
ered as  dysplastic,  a  value  less  than  10  as  sign  of  overcoverage
[28—30]; d:  depth-to-width  ratio:  The  ratio  of  the  depth-to-
width is  multiplied  with  100,  at  which  the  width  is  measured  by
a line  joining  the  most  lateral  edge  of  the  acetabulum  with  the
most caudal  edge  of  the  acetabulum  and  another  line  perpen-
dicular  to  this  line  at  the  point  of  greatest  acetabular  depth.  A
value  of  less  than  40  was  considered  as  dysplastic  [28—30].
Figure  4  a:  the  CCD-angle  is  formed  between  the  longitudi-
nal axes  of  the  femoral  neck  and  the  longitudinal  axes  of  the
femoral  shaft.  An  angle  greater  than  140◦ was  considered  as
Coxa valga,  a  value  less  than  120◦ as  Coxa  vara  [31];  b:  the
AC-angle  is  formed  by  a  line  joining  the  most  lateral  edge  of
the acetabulum  and  the  pelvic  teardrop  and  a  second  horizon-
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(al line  through  the  teardrop.  A  measurement  greater  than  43◦
as  considered  to  be  dysplastic  [18,26,27].
eems  to  be  present  in  about  40  to  50%  of  all  hips  with
A  [26—28]. This  is  nearly  consistent  with  our  ﬁndings,  as
n  abnormal  head-neck-junction  with  a  pathological  head-
atio  and/or  alpha-angle  was  seen  in  60%  of  all  young  adults,
hich  received  a  THA  because  of  end-stage  osteoarthritis
efore  the  age  of  60  years.
According  to  our  ﬁndings,  the  Bland-Altman  plot  demon-
trated  a  good  inter-observer  reliability  for  radiographic
ndings  of  dysplasia  and  FAI.  Some  authors  described  a
ow  agreement  in  measurements  for  cam-  and  pincer-
mpingement.  Different  results  can  be  due  to  different
tatistical  methods  [29—33,38,39].To  our  knowledge,  this  is  the  ﬁrst  study  describing
adiographic  ﬁndings  of  hip  dysplasia  and  excessive  acetab-
lar  coverage  in  patients  with  ‘‘pistol-grip-deformity’’.  The
igure  5  Boxplot-diagram  showing  the  age  distribution
etween  the  three  different  groups  of  acetabular  geometry
acing  the  pistol-grip-deformity.  There  was  no  statistically  sig-
iﬁcant  difference  in  regard  to  the  age  between  the  four  groups
P =  0.087).
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Figure  6  Bland-Altmann  plot  for  demonstration  of  the  inter-observer  reliability.  The  differences  between  the  two  readers  (value
reader 1  —  value  reader  2)  are  plotted  against  the  average  of  the  two  readers  ([value  reader  1+  value  reader  2]/2).  The  solid  line
shows the  systematic  bias  (d)  between  the  two  readers.  The  upper  and  lower  limits  show  the  range  in  which  95%  of  the  difference  lie
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Rd ±  2  ×  s;  s:  standard  deviation  of  the  differences).  A  high  inter
s the  biases  are  close  to  zero  and  the  limits  of  agreement  are  
urrent  study  underlined  46.9%  of  all  patients  with  a  ‘‘pistol-
rip-deformity’’  had  radiographic  ﬁndings  of  overcoverage.
adiographic  signs  for  dysplasia  in  patients  with  ‘‘pistol-
rip-deformity’’  were  seen  in  13.7%  of  all  cases.  Thirty-eight
47%)  patients  presented  radiographic  signs  of  excessive
cetabular  coverage  and  14  patients  (17,3%)  presented  an
dditional  crossing  sing  as  note  for  acetabular  retroversion.
ighteen  (22.2%)  patients  demonstrated  no  other  patho-
ogical  radiographic  ﬁnding  than  a  pathological  head-ratio
nd/or  alpha-angle  radiographic  ﬁndings.  This  supposes  that
atients  with  cam-impingement  have  a  high  coincidence
ith  additional  overcoverage  or  acetabular  retroversion  that
s  consistent  with  the  results  published  by  Ganz  et  al.  [25].
No  statistical  signiﬁcant  difference  in  age  was  detected
n  patients  with  radiographic  ﬁndings  for  both  kinds  of  FAI
nd  in  patients  with  cam-impingement  only.  This  implies
hat  the  dominant  deformation  for  the  development  of  OA
n  young  adults  might  be  the  ‘‘pistol-grip-deformity’’  and
 reconstruction  of  a  normal  head-neck-junction  is  much
ore  important  than  the  correction  of  the  acetabular  geom-
try.  These  ﬁndings  support  the  results  of  previous  studies,
here  the  pistol-grip-deformity  was  strongly  associated  with
abral  tears  and  idiopathic  arthritis  and  suggested  an  early
orrection  of  this  deformity  to  prevent  end-stage  arthri-
is  [34—37,40—43]. Nicholls  et  al.  [36]  demonstrated  that
atients  with  an  increased  alpha-angle  and  radiographic
arameters  for  acetabular  dysplasia  (decreased  CE-angle
nd  increased  extrusion  index)  showing  a  higher  risk  for
he  development  of  OA.  They  also  demonstrated  that  the
lpha-angle  and  the  CE-angle  predict  the  risk  for  THA  inde-
endently  which  is  also  consistent  with  our  ﬁndings.
In  contrast  to  these  ﬁndings,  Audenaert  et  al.  [44]
uggested  that  not  only  a  cam  lesion  is  involved  in  the
evelopment  of  FAI,  but  the  overall  hip  anatomy  should
e  analysed.  They  suggested  that  more  bone  resection  is
ecessary  than  a  simple  resection  of  a  bump.rver  reliability  for  all  different  measurements  is  demonstrated
w  to  these  biases  [32,33].
onclusion
here  is  a  high  coincidence  of  radiographic  ﬁndings  of
n  abnormal  head-neck-junction  with  acetabular  anomalies
uch  as  overcoverage  or  acetabular  retroversion.  A  restor-
ng  of  the  normal  anatomy  should  be  performed  at  the  early
tage  to  avoid  end-stage  osteoarthritis.
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